Virilastacus retamali, a new species of burrowing parastacid, is described from the peatland in Rucapihuel located along the Coastal Cordillera from the province of Osorno, southern Chile. This is the third species of the genus Virilastacus described to date. It differs from V. araucanius and V. rucapihuelensis in the following morphological characters: 1) large eyes; 2) short rostral carina; 3) long antennal scale with prominent spine at the distal end of its external margin; 4) basal podomere of the antennula with a prominent ventral spine; 5) posterior plate of the epistome bears a cluster of prominent anterolateral tubercles; 6) ventral surface of the ischiopodite of the third maxilliped with a band of prominent tubercles and abundant pilosity; 7) U-shaped cervical groove; and 8) subtriangular telson. Finally, the habitat also differs from that of congeneric species, with V. retamali inhabiting a geogenous peatland whereas the other two species inhabit semi-marshland. We also present a complete phylogeny of the Chilean freshwater crayfish showing the distinct position of this new species. Finally, we assess all the Chilean species for conservation status using the IUCN Red List Criteria.
INTRODUCTION
In 1908, a male crayfish was caught in a waterfall near Corral (398539S; 738259W), southern Chile, later to be described as Parastacus araucanius by Faxon in 1914 . This species was subsequently transferred to the Samastacus genus by Riek (1971) and finally assigned to the Virilastacus genus by Hobbs (1991) . Molecular phylogenetic analyses have also demonstrated the distinctiveness of this taxon relative to other species found in South America .
Through the year 2000, only 38 specimens of Virilastacus araucanius had been documented between Cosmito (368469S; 738010W) and Maicolpue (408369S; 738449W) in central-southern Chile, with the interesting feature that they were all found in small numbers (maximum of 8) and in coexistence with specimens of Parastacus pugnax (Poeppig, 1835) or Parastacus nicoleti (Philippi, 1882), depending on the geographic location of the area where they were caught (Jara, 1983; Rudolph and Rivas, 1988; Hobbs, 1991; Martínez et al. 1994; Rudolph and Almeida, 2000; Crandall et al. 2000) . Given the scarce records available and small number of specimens examined, there was no evidence of any degree of morphological variability or genetic discontinuity and, as a result, no data that questioned the homogeneity of the V. araucanius taxon. Nevertheless, during field trips undertaken in June 2002 in search of burrowing parastacids (P. nicoleti and V. araucanius) in the Coastal Cordillera, province of Osorno, southern Chile, a population of Virilastacus was found in the locality of Rucapihuel (408359S; 738349W) with external morphological characters that differed significantly from those of V. araucanius. These differences coupled with molecular phylogenetic distinctiveness provided clear evidence that specimens of this population belonged to a new species, recently described as V. rucapihuelensis (Rudolph and Crandall, 2005) . This description has elevated the number of Parastacidae species inhabiting the freshwaters of South America to eleven, specifically in southeast Brazil (States of Santa Catarina and Rio Grande del Sur), Uruguay, central-southern Chile and in the Nahuel-huapi National Park in southern Argentina (Manning and Hobbs, 1977; Rudolph and Almeida, 2000; Aued, 2003) .
In this article, we describe a new species of the genus Virilastacus discovered in a small peatland in the locality of Rucapihuel in the Coastal Cordillera, province of Osorno, southern Chile, and a morphological comparison is made with the other two species of Virilastacus. Additionally, a phylogeny is estimated from genetic data showing the overall phylogenetic relationships among the Chilean species of freshwater crayfishes, including the distinctive position of this new species. Finally, an assessment of the conservation status of all species from Chile using the IUCN Red Book Criteria is offered for use in conservation planning and management.
MATERIALS AND METHODS

Morphological Examinations
The specimens described were collected in December 2002 from a peatland in the ''Los Kakanes'' homestead located in Rucapihuel (Fig. 1 ), 50 m above sea level, in the Coastal Cordillera, province of Osorno, southern Chile. Specimens were caught manually by poking into the burrow openings, among the vegetation and decomposing organic material of the peatland. Those individuals that were to form the type series (n ¼ 21) were fixed in formalin at 8%, after previously describing the color of the largest live specimen. In addition, other specimens (n ¼ 4) were preserved in ethanol at 70% for DNA extraction. From the type series specimens, the following parameters were measured with a digital vernier to 0.01 cm precision: cephalothoracic length (CTL), pre-cervical length (PrCL), frontal width (FW), maximum areola width (MAW), maximum cephalothoracic width (MCtW), post-cervical length (PoCL), maximum pleon width (MAbW), length of the pleuron of the second somite (LPS2), distance between both P4 coxae (DP4C), maximum distance between both lateral processes of the XIII segment (MDP4LPr), distance between phallic papillae base (DPPB), phallic papillae length (PPL), maximum telson length and width (MTL and MTW), width and thickness of the propodus of the largest P1 cheliped (WPP1Ch) (TPP1Ch), length of the propodus and the dactylus of the largest P1 cheliped (LPP1Ch and LDP1Ch) and maximum width of the carpus of the largest P1 cheliped (MWCP1Ch Genetic and Conservation Methods DNA was extracted from the ethanol preserved specimens as previously described in Crandall and Fitzpatrick (1996) . Sequences were obtained for 490 base pairs of the 16S hypervariable region of the mitochondrial genome using primers and polymerase chain reaction conditions as previously described (Crandall and Fitzpatrick 1996) . Additionally, for selected samples, DNA was amplified for both the 12S and COI regions of the mitochondrial genome using primers and conditions of Mokady et al. (1999) and Folmer et al. (1994) , respectively. Thus the resulting amplicons were approximately 500 base pairs (bps) for 16S, 400 bps for 12S, and 700 bps for COI. Sequences were aligned using Clustal X (Thompson et al. 1997) . The data were then subject to both maximum parsimony (MP) analyses and maximum likelihood (ML) analyses. A best-fit model of evolution was selected using the Akaike Information Criterion (AIC) model selection procedure in the software ModelTest v3.7 (Posada and Crandall 1998) for the ML analysis. This model of evolution was then used in a maximum likelihood heuristic search with 10 replicates of random sequence addition for the optimal phylogenetic estimate of relationships among sampled sequences (Felsenstein 1981) . MP analysis treated each character change with equal weight and was run with 1000 random sequence addition searches. Confidence assessments of nodal support were estimated using the bootstrap approach with 1000 bootstrap pseudoreplications (Felsenstein 1985) and random taxon addition. Trees were estimated from each gene region independently as well as from a combined data set, although the combined data set had only representatives from the larger 16S data set. Conservation status was assessed using the IUCN Redbook Criteria (IUCN 2001) . Additional sequences from the other Chilean species are from Rudolph and Crandall (2005 Material examined and deposition of types.-Both the meristic and somatometric external morphological characters of the 21 specimens of the type series were examined. Thus it was possible to distinguish 11 males (52.4%) and 10 females (47.6%) ( Fig. 2A, D) . Four smooth dorsal ridges in front of cervical groove with distal two in close proximity to each other and proximal two further apart.
Internal margin of basal podomere of antennula with prominent, sharp ventral spine. Coxal carina of antennal peduncle situated above nephropore, with inverted V-shape with external margin thicker than internal margin. Antennal scale long, wider distally, external dorsolateral zone prominent, with single, large terminal spine, slightly curved towards the middle line of body, reaching middle of ultimate podomere of antennal peduncle (Fig. 2F ). Antennal flagellum reaching mid-dorsal part of fourth pleomere. Mandible with tricuspide caudal molar process (because there is no nodular cusp); cephalic molar process molariform; incisor lobe with nine teeth. Ischium of third maxilliped bearing row of well-defined tubercules disposed longitudinally on middle ventral line; inside half of this surface with numerous long, smooth and plumose setae, only plumose setae present in most internal part of external margin. Crista dentata of right and left ischia with 26 teeth ( Fig. 2E and E9 ). Epistome anterior lobe resembles a rhombus, with four sides smooth. Base of this lobe with V-shaped groove. Middle part of posterior plate strongly concave, with medial depression that transforms into a small groove anteriorly. Portions immediately lateral to this medial depression very prominent. Beneath nephropores, a cluster of four prominent dentiform tubercules of varying sizes, with most external largest (Fig. 3A) .
Keel of sternite XIII with posteromedial, unilobed plate and large orifice anteromedially. (This plate is difficult to observe because the phallic papillae are in very close proximity to each other.) Median keel of sternite XII not inflated; that of sternite XIII inflated. Lateral processes of sternite XI small, with ventral margins bearing small tubercules; those of sternite XII disposed at angle of just under 908 to one another and those of sternite XIII at slightly over 908. Lateral processes of sternite XIV small and disposed at approximately 458. Vertical arms of the sternopleural bars of segment XIV widely separated.
Chelipeds ventral margin of ischium studded with numerous blunt tubercules. Ventral surface of merus with two laterolongitudinal series of Propodus width 46.6% of length. Dorsal surface of palm with numerous small granules uniformly distributed, except on the internal margin that bears a crest of larger granules, dorsal surface under the fixed finger studded with small tubercules. Basal part of ventral surface of palm smooth, dorsal surface and distal portion of ventral surface with small, uniformly distributed granules. Fixed finger in transversal section resembling pentagon; opposable margin corresponds more to triangular opposable surface, base with abundant, short pilosity located towards articulation with dactylus. Dentate margin corresponds to most external side of this triangle, bearing 16 blunt teeth grouped into three clusters; the first of only one tooth, very close to the articulation with dactylus, followed by three large teeth (largest being central), and finally 12 smaller teeth, decreasing in size distally, ultimately disposed in double row. Dactylus, basal portion of dorsal surface bears relatively large tubercules, randomly distributed, while those located distally are smaller and uniformly distributed. Ventral surface bears very few tubercules; upper margin with numerous tubercules randomly distributed; opposable margin with 13 blunt teeth, uninterrupted (except for a fovea above the largest tooth of the propodus) and decreasing slightly in size distally, basal portion of this margin strongly curved, remaining portions straight (Fig. 3B,  C) . Dactylus moving subhorizontally. Left chela larger than right.
Pleura of pleomeres lacking tubercles and spines, with rounded ventral margins. Pleuron of first somite with small anterior lobe, partially overlapped by pleuron of second somite. Anterior lobe of the pleuron of second somite small, with rounded anterior margin, separated from rest by groove; posterior lobe larger, with equally rounded posterior margin (Fig. 4) .
Telson, calcified, with converging lateral margins resembling triangle, rounded distal margin bears long, fine, smooth setae, interspersed with shorter setae of greater diameter and plumose in their distal portions. Prominent, sharp lateral spines. Dorsal surface with short smooth setae, two slight laterobasal depressions and mediocaudal longitudinal groove, deeply impressed, no trace of transverse suture (Fig. 3D) . Uropods with small proximal podomere, rounded margins, lacking spines or tubercules. Endopod with well-developed longitudinal dorsomedial carina terminating in a relatively large spine; external margin with a large spine located half way along the surface of the exopod, between the diaeresis and its corresponding distal margin. Exopod with dorsomedial longitudinal carina, bearing 13 and 11 spines on the proximal margin of left and right diaeresis, respectively, with largest spine located above the mediodorsal carina. Lateral angle of both exopod bears two very pronounced, fixed spines.
Phallic papillae, tubular, very long (length ¼ 4.8 mm), when fifth pereiopod pressed forwards it reaches distal aspect of lateral processes of segment XII. Both phallic papillae slightly curved outwards, in close proximity to each other, only apical ends slightly separated. Coxae without male cuticle partition (Fig. 5A) .
Description of Allotype.-Differs from holotype in the following morphological characters: apical margins of rostral carina straight, thus rostrum appears sharper at apex (Fig. 2B) . Areola 1.3 times as long as wide, constituting 19.5% of cephalothoraxic length. Antennal flagellum only reaching mediodorsal zone of third pleomere (although both broken). Crista dentata of right and left ischia of third maxilliped with 25 teeth. Cluster of tubercules under nephropore only has three tubercules. Laterolongitudinal series of tubercules on merus ventral surface, 20 tubercles internally and 21 tubercles externally. Carpus, mediodistal portion of dorsal surface with deep, but short, groove. Propodus width constitutes 50.9% of length, dentate margin of opposable surface only with 15 teeth since distal group only presents 11 teeth, with abundant short pilosity, not only on base but also on both sides of dentate margin. Opposable margin of dactylus bears only 11 blunt teeth (third is partially destroyed). Pleuron of the second pleomere without flap, which characterizes intersex specimens of sexual form 2 of V. rucapihuelensis (Rudoph and Crandall, 2005) . Spine on external margin of uropod endopod located level to diaeresis of exopod. Right diaeresis bears nine spines on proximal margin and eight on left. Female gonopore ellipsoidal, covered by thin, weakly calcified membrane, numerous large, smooth setae in most external margin, maximum diameter 1.3 mm (Fig. 5B) .
Variations and Measurements.-Specimens of the type series are quite homogenous in size, only one specimen, the holotype, stands out due to its greater body size, 30 mm CTL, 4.4 and 4.9 mm above the CTL of the allotype and of paratype 5 respectively, which are the specimens immediately inferior in size. Another salient feature of the type series is that it consists only of males (52.4%) and females (47.6%), with no external morphological trace of intersexuality. Furthermore, all males lack the male cuticle partition. All specimens of this series have dimorphic P1 chelipeds, the left being the largest in 13 specimens (7 females and 6 males). The morphology of the female gonopore is not the same in all females, those females with an CTL inferior to 20.0 mm have semi-ellipsoidal, strongly calcified gonopores, whereas the females over 20 mm CTL have ellipsoidal gonopores, with abundant surrounding pilosity and are only partially The most variable meristic characters in these specimens are: number of teeth in the opposable margins of the propodus and dactylus, which fluctuate between 13 and 17, and between 10 and 15, respectively. Number of tubercules present in the ventral surface of the merus of the largest P1 cheliped, vary between 17 and 23 in the internal longitudinal series and between 17 and 26 in the external series. Between 22 and 28 teeth were recorded in the Crista dentata of the ischium of the third, right maxilliped, and between 22 and 27 on the left. With respect to this character, numerical symmetry was only observed in 33% of the specimens. Number of spines on the proximal margin of the right diaeresis fluctuates between 7 and 12 while in the left diaeresis between 7 and 13 spines were recorded. With regard to this latter character, only 9.5% of individuals were numerically symmetrical.
Color of Live Specimens.-Background color of the live specimen is ivory, spotted with olive green, these spots merge in the cephalothorax and the P1 chelipeds, causing them to turn dark olive green in color. In contrast, the spots are more dispersed in the pleon, for this reason the pleon and the caudal fan are light olive green. The remaining pereiopods are light brown. The antennal flagellum and antennular arms are olive green. Immediately in front of the cervical groove, in the cephalothorax, an ivory colored patch in the form of a butterfly with its wings extended can be observed. In the mediodorsal area of each pleomere a dark brown fringe can be observed, on both sides of which there is an ivory colored patch, very irregularly shaped, but more long than wide. The distal margins of each pleomere are dark brown, as are the telson and uropod margins. The ventral surface of the cephalothorax is whitish, with light brown patches, especially in the coxae of the pereiopods. Ventral surface of the pleon is marble white (or creamy colored).
Distribution.-Virilastacus retamali, was initially recorded only in the type locality, a geogenous peatland existent in the ''Los Kakanes'' homestead of Rucapihuel in the Coastal Cordillera, province of Osorno, southern Chile. However, subsequently (13-04-05) the species was found in a peatland in the locality of Estaquilla (418259S; 738469W) in the Coastal Cordillera, province of Llanquihue, at 105 km to the south of Rucapihuel.
Etymology.-The specific name corresponds to the Latin form, singular genitive of Retamal, in honor of the distinguished Chilean carcinologist, Professor Marco Antonio Retamal of the Universidad de Concepción, in recognition of his valuable contributions to knowledge about Chilean marine decapods. Suggested vernacular name: peatland crayfish.
DISCUSSION Habitat
Virilastacus retamali was found in the peatland of the ''Los Kakanes'' homestead. This peatland is located at a distance of 25 m from the ''hualves'' where the type series for Virilastacus rucapihuelensis was captured (Rudolph and Crandall, 2005) . It has a surface area of 1.8 ha and is geogenous because it is dependent on rainwater and superficial underground waters to supply hydric needs (Kulzer and Cook, 2001 ). This peatland formed in a small endorreic basin generated by the holocenic deglacialization, where organic material has accumulated over the course of time. This organic material originated from the partially decomposed, loosely compacted vegetal remains of the genus Sphagnum, mixed with woody fragments, gramineous and humus particles, accumulated in an environment deprived of air and highly saturated with water all year round (Grignola and Ordoñez, 2002) . In this biotope, Virilastacus retamali constructs relatively simple, not very deep burrows. Excavations carried out in January 2003, made it possible to confirm the existence of one central chamber (greater diameter) of variable length, very close and almost parallel to the ground surface. A series of short tunnels emerged from this burrow (5 or 6, average length -7 cm), with exit orifices of an average diameter of 2.9 cm (n ¼ 29; SD ¼ 6 0.863). The ''chimneys'' (truncated cones formed by deposits of excavated material), when they exist, only reach an average height of 3.9 cm (n ¼ 8; SD ¼ 60.729). Similarly, two or three descending, relatively straight tunnels originate from this main chamber, which can reach a length of up to 14 cm. Nevertheless, after capture of the type series, it has been possible to confirm that specimens of V. retamali are not always found inside these burrows. On capturing the type series, analysis of the water inside the burrows revealed: pH ¼ 4.7 (n ¼ 7; SD ¼ 60.177); dissolved oxygen ¼ 2.8 mg/L (n ¼ 4; SD ¼ 60.648); constant hardness in 17.8 ppm of CaCO 3 (n ¼ 4); temperature ¼ 12.58C (n ¼ 16; SD ¼ 63.72).
Comparisons
V. retamali is the third species of the genus. It shares the following morphological characters with V. araucanius and V. rucapihuelensis: short rostrum; absence of postorbital ridges; dimorphic P1 chelipeds; anterolateral portions of the branchiocardiac groove separated from the cervical groove; sternite XIII keel with unilobed posteromedial plate and a large orifice in the anteromedial zone of this plate; very long phallic papillae; telson completely calcified with a distolongitudinal groove in its dorsal surface; and body color predominantly olive green. For distinctions, see ''Diagnosis'' section.
V. retamali is similar to V. araucanius and different from V. rucapihuelensis in the following morphological traits: prominent rostral carina; mandible with cephalic molar process molariform; anteromedial lobe of the epistome resembling a rhombus; P1 dactyl moving subhorizontally; P4 coxae very close together; female or male gonopores: phallic papillae in close proximity one to the other, very long and thin; male cuticle partition absent; pleuron of the first pleomere with small anterior lobe and partially overlapped by the pleuron of the second pleomere; pleuron of the second pleomere of the females with CTL equal to or over 20 mm, lacking flap; telson with prominent, sharp lateral spines.
In addition to the morphological characters that are common to the three species of Virilastacus, V. retamali and V. rucapihuelensis also share: concave dorsodistal surface of the rostrum, and mandible with tricuspide caudal molar process. Other differences are related to the opposable margin of the fixed finger, which in V. retamali has pilosity on the both sides of the entire row of teeth, while V. rucapihuelensis only has pilosity on both sides of the proximal group of teeth and V. araucanius lacks pilosity. Similarly, the number of teeth on the opposable margins of the fixed finger and the dactyl is different in the three species (Table 2) .
In general, the spines and the spiniform tubercules are more developed in V. retamali than in the other two species of the genus. With regard to this character, as well as the shape of the cervical groove, V. retamali is similar to Samastacus spinifrons. In the type series of V. retamali, no external morphological evidence of intersex specimens was detected. For this reason, it is very probable that this is a gonochoric species, similar to V. araucanius. However, data presented by Rudolph and Crandall (2005) in their description of V. rucapihuelensis suggest that this may not be a gonochoric species. Likewise, intersex specimens are known from S. spinifrons and P. nicoleti, including the confirmed presence of supernumerary gonopores corresponds to the external expression of a partial protandric hermaphroditism (Rudolph and Almeida, 2000; Rudolph, 2002) .
The habitat of V. retamali differs considerably from that of V. araucanius and V. rucapihuelensis. Among other characteristics we have been able to determine that they differ in the compactness of the earth and level of water saturation. The peatland that V. retamali inhabits is loosely compact and highly saturated with water throughout the year. Furthermore, its burrows are simple and not deep; chimneys are infrequent and not high, and finally, in some occasions specimens of different sizes have been found outside of their burrows, which has never been observed in any other burrowing parastacid in Chile. The characteristics mentioned suggest that the burrowing behavior of V. retamali is very different from that of the other two species of Virilastacus. Based on the aforementioned, and in accordance with the classification proposed by Hobbs (1942) , we believe that it would be more appropriate to classify V. retamali as a secondary burrower, unlike V. araucanius and V. rucapihuelensis that would be primary burrowers, similar to P. pugnax and P. nicoleti (Rudolph, 1997) .
Present records provide clear evidence that the geographic distribution of the Virilastacus genus is restricted to the western slopes of the Coastal Cordillera, from the locality of Cosmito in the VIII a Region to Estaquilla in the 
Phylogenetic Affinities
A phylogeny of the Chilean freshwater crayfish was estimated from 490 characters of 16S mtDNA of which 148 were parsimony informative and all were informative for the maximum likelihood analysis (Fig. 6 ). These data were collected from a total of 29 taxa and new sequences have been deposited in GenBank under accession numbers EF599137-EF599147. The data from the 12S region was collected from a subset of 13 representative taxa resulting in an alignment of 388 characters of which 70 were parsimony informative. These sequences have been deposited in Fig. 6 . Maximum parsimony estimate of phylogenetic relationships among the Chilean species of freshwater crayfish based on 16S gene fragment data from the mitochondrial genome. Similar topologies were obtained from 12S, COI, and combined data sets as well as from maximum likelihood searches. Branch lengths are shown proportional to the amount of evolutionary change along those branches and bootstrap values indicate nodal support and are based on 1000 pseudo-replicates with random sequence addition.
GenBank under accession numbers EF599124-EF599136. Finally, the COI data set consisted of an alignment of 716 characters for the same 13 taxa with 207 parsimony informative sites (GenBank accession numbers EF599148-EF599160). The phylogenetic estimate of relationships among all the endemic crayfish of Chile and the selected members from Brazil shows strong support for the monophyly of each species, including the genetic distinctiveness of V. retamali (Fig. 6) . The similar topologies (relationships supported by associated high bootstrap support values [. 70%] were obtained for each independent data set and all three combined (where taxon sampling overlaps). The MP search resulted in a single island of 541 MP trees of length 272 steps. The MP bootstrap consensus tree of 1000 pseudoreplicates supports the monophyly of each Virilastacus species (100% bootstrap support except for 98% for V. rucapihuelensis), the sister relationship between V. rucapihuelensis and V. retamali (100%), and the monophyly of the genus Virilastacus (100%). The best-fit model of evolution for the 16S data set resulted in a model with equal transversion rates, different transition rates, different nucleotide frequencies, and rate variation across sites. The following parameters were used in the model of evolution: freqA ¼ 0.3452, freqC ¼ 0. 1041, freqG ¼ 0.1939; rate1 ¼ 0.2103, rate2 ¼ 7.3485, rate3 ¼ 0.4197, rate4 ¼ 0.7185, rate5 ¼ 7.3485 ; and a gamma shape parameter of 0.2419. Using this model with ML, the resulting phylogeny with associated bootstrap values also shows the genetic distinctiveness of this new species and its sister relationship to the recently described V. rucapihuelensis. The genus Virilastacus is clearly monophyletic and sister to the genus Samastacus.
Conservation Status
Using IUCN (2001) Red List criteria for conservation rankings, we rank all the species known from Chile for conservation status (Table 3) . Virilastacus retamali must be considered Endangered, i.e., considered to be facing a very high risk of extinction in the wild. This conclusion is drawn using criteria B1ab(iii), i.e., an estimated extent of occurrence less than 5000 km 2 , known from no more than five locations, and projected decline in quality of habitat. The current habitat is under deforestation pressure to clear lands for agricultural purposes. Furthermore, the peatlands of the southern Chile support a strong extraction of Sphagnum moss for commercial purposes. These activities have a clear impact toward the decline of the crayfish habitat. Future investigations should be undertaken in attempt to discover additional populations of this species. 
